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ABSTRACT

The Vacuum/Steam/Vacuum surfoce intervention pilot plant processor was
scaled up to a mobile unit that can be transported to clese proximity of chicken
processing planis. After several modifications 1o the mandrel that supporis the
broiler carcass in the treqiment chamber to minimize mechanical damage, the
uwit was capable of 1.1 log ofu/ml kil of inoculated Listeria innpcta and 1.4
log cfuiml kill of inoculited B, coli K12, Field vesis achisved 1.4 log Kl of E.
coli-and 1.2 log Il of Campylobacter on freshiy processed chicken using 3
cveles and 138C sarurated steain. B, there was extensive mechanical damage.
The mandrel was modified in the Eastern Regional Research Cenrer pilot plant
to elimingte the mechanical damage. With mecharical demage eliminated, the
bacteria Kil was 1.1-1.5 log of inoculated E. coli K-12 with a toral process fime
af 1.1 s. .

! Meveion of & brand or feoy names does not cofstitnte an endorserment by U8, Department of
Agriculure over others of a similar patore not mentioned.

* Author: to. whom correspondensy showld be sent, TEL; 215-233- 6%% FAX: 215-233-6795;
EMAIL: mkozempel@arserre.gov
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INTRODUCTION

Processes such as blanching, cooking, canning, and pasieurizing destroy
harmful bacteria on foods. However, unprocessed raw foods harbor bacteria,
sometimes pathogenic bacteria. Thé many food recalls attest to the oceurrence
of bacteria slipping through the food system to product distribution.

Raw chicken frequently has pathogenic bacteria in and on the surface, for
example Salmonella and Campylobacter. Although it is rare for anyone 1o eat
raw chicken, under cooking and cross contamination from chicken can lead to
food poisoning.

Treatment of these bacteria with steam can kill bacteria but will thermally
damage the chicken surface. Morgan er al. (19962) showed that application of
stearn to the surface could be accomplished with virtually no thermal damage if
the process can be made sufficiendy rapid. The chief deterrent to rapid treatment
is the presence of a minute layer of air and water on the surlace. Morgan er al.
(1996h) developed a concept in which the interfering layers of air and water are
first removed by vacuum followed by application of saturated steam. Then
reapplication of vacuum cools the surface, stopping any thermal damage.

These same researchers (Morgan ef af, 1996a) developed a machine capable
of evacuating the surface, applying steam, and evacuating the surface again in
less than 1 s. The process is called the vacuum/steam/vacuum (VSV) surface
intervention process. The speed of the treatment is necessary o prevent thermal
damage and to equal the speed of chicken process lines, nominally 70 birds per
mimiie or greater.

Morgan et al. (1996b) were able to achieve 2-2.5 log bacteria kills on
inoculated spots on chicken parts using the VSV process. In a side study at the
reguest of hot dog processors, Kozempel e al, (2000a) found that cycling the
treatment for hot dogs enhanced the bacterial killing. Apparently, the condensing
steamn immediately forms a resistance laver to further treatment. By cycling
hetween vacuum and steam, the condensed steam is removed and fresh steam
contacts the surface. With hot dogs, it was possible to achieve up to 5 log kill
of inoculated Listeria inviocua using 3 cycles. Although the overall kill was
considerably less, cycling enhanced bacteria kill on chicken also.

When the VSV process was tested on whole broilers, there was ¢
statistically significant bacteria kill (Kozempel er al. 2000b). The difficulty
treating the whole carcass was the failure of the VSV process 1o treat the cavity
of the carcasses. The VSV process chamber was retrofitted to include a mandrel
to hold the carcass and specifically treat the internal cavity (Kozempel e al.
2001). Unfortunately, this retrofit prototype VSV machine was not 3 tru
prototype of a commercial unit. The mandrel was locked into the product valve,
therefore, it rotated to the horizontal during processing allowing the chicken
carcasses to slide partially off the mandrel. Although the retrofitied mandrel
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proved that the concept of a mandrel would work, the actual bacteria kill was
only about 0.7-0.8 log. A new VSV processor was needed in which the mandrel
was operated independently of the main valve. It was also desirable to design
and build @ mobile unit that could be used in the field to test at actual pouliry
processing plants.

A.pew field VSV surface intervention process machine-has been designed
and fabricated ‘with -a mandrel designed. independent of the main valve.
movement. -We hypmheszxe this unit will dchieve better bacteria kills than ﬁ}ﬁ
previous unit using freshly slaughtered and processed prechill chicken mmasms
The objective. {}f this study was to scale-up the met}’}}ﬁ: pﬂm piam it 02
mabﬂ,e unit aml conduct a field test.

MATEREALS'AW METHODS

VSV Surf'ace Imewemmn mess&zr Mechanical Design

Thfs siirfice intervention prﬁcesssr was demgn@d to pmcsss chicken
carcasses, specifically broilers. The perfomfaancs requirements for chicken are |
{0 &uspmd CRICASSES mémﬁnaﬂy on a mandrel in a chamber ‘within a rotor; o
evacuate the c.:hambu, to inject saturated steam into the chamber; to draw ™
vacuimn on the chiambet to evaporatively cool the carcass; and finally to eject the
carcass into a clean environment. A prototype field unit {:emammg otie chagnber
and a mandrel in one rotor, was designed and constructed, Figare | shows the
orocessor and Fig. 2 shows defails of the product tréatment section that includes
the mandrel. The spherical chamber (product valve) is 254 mm in diameter.

“To admit vacuum or steam ifito the closed chamber, two opposed 200 mm
holes were bored through the hall valve stator (housing) at right angles o both
the axis of rotation of the ball and to the centerline of ihc open chamber {carcass
entry and €xit ports) as shcwra in Fig. 2. Two platter valves are close mup‘isd -
to these 200 mm ports. Bach consists of a flat disk with two holes or ports .
rotating against dn inlet header, which holds PEEK {polyetheretherkelone) se&is :
When the disk is aligned with the ports in the inlet hieader, gas flows 1nto or out
of the treatment chamber. Multiple holes reduce the disk angular movement .
necessary for valve action and increase the ¢ross sectional area for gas: fi{}w

" A mandret (Fig. 3) was designed anid tafr»rmated that suppgns the camass
treats the visceral cavity, and vrients the carcass mdﬁpendﬁnﬁy of the main valve -
position:" A servo-actuated three-way valve applies the cavity treatment. The
treatment valve commmon port is connected to the mandrel via a 19 mm stainless
steel tube directed into the cavity. The other ports of the valve are connected to
the steam and vacuum sources. A second drive rotates the 19 mm tube in the

vertical plane about an axis concentric to that of the main valve. The rotating
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_PRODUCT GOES N AND
PRODUCT VALVE, COMES OUT HERE

/

 PLATTER (DISK)

FIG. 2. EXPLODED VIEW OF ONE OF THE TWG PLATTER VALVES ON THE BIELD
VEV SURFACE INTERVENTION PROCESSOR

mandrel aliows flow-through handling of product and allows the product o be
oriented to any position during treatment.

The mandrel, Fig. 3, is an open frame formed of three 6.4 mm diameter
stainiess steel rods shaped to 61 the visceral cavity of a broiler carcass which is
located wnder the breastbone and clavicles. They approximate the internal
dirpensions - of the cavity and give lateral stability to the. careass during
processing. A bottom support is included to keep the legs within the chamber
and help support the carcass. The mandrel is fixed to the 19 mm treatment tube
on an adjustable mount to acconmupodate different length carcasses. The
treatment twbe was also fitted with various orifice plates to support reduced flow
experiments. The selected freatment tube orifice plate was 13 mm internal .
diameter,

Zach disk and mandrel 13 programred and controlled ndependently and
mioved by its own servomotor. The servos are by Allen-Bradley Co., Mayfeld
Valley, OH and capable of high acceleration and deceleration. The servos for
the disks are model 1326A8-C4B-11, 5.6 kW, capable of 1600 rpm migxinmun,
The servo for the wiandrel s model 1320AB-B2E-11, 2.5 kW, capablé of 3000
rpin maginmny. The servos are difeet coupled mechanically to the disks and
mandrel. Operation of the servos, controlled by Graphics Motion Language
(GML) software version 3.8.2, Allen-Bradley Co., Maviield Valley, OH,
controfled the vacuum and steamn times. Data acquisition was by Laboratory
Technologies Corp., Lab Tech Notebook version 8.04, Wilmington, MA.
Semsors were by Omega Dngineering, Stamford, CT. Type E thermocouples
were used for temperatire and Omega PX176 serigs sepsors were used for
vacuum and for steam pressure.
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FIG. 3. THE MANDREL ASSEMBLY FOR THE FIELD VSV SURFACE
INTERVENTION PROCESSCR

Vacuum was supplied by a liquid ring vacuum pump, Stokes Vacuum,
model HER, Philadelphia, PA. The steam generator volumme was 115 L. The
stream generator contained horizontal submerged coils with no separator and
17.8 kW heaters. It was fabricated in-house and charged with water which was
boiled for 30 min for deaeration. The vacuum receiver was adjusted to 7 ikPa
and its condenser coil cooled 1040,

VSV Surface Intervention Processor Operation

Each sample was manually inserted into the treatment chamber of the
surface intervention processor. The computer conirolled ball valve was rotated,
with a serve, 90° to seal the chamber from the outside atmosphere. Each
servo/disk and servo/mandrel combination is called an axis of rotation. The
platter valves in the main chamber and in the mandrel rotated to expose the
sampie o vacoumm, then steam, and then vacuum again. The operation of the 2
platter valves was considered 2 axes of rotation and the operation of the 'f}iéndmi
a third axis of rotation. Full VSV treatment with the 2 platter valves and
mandrel was called 3 axes treatment or 3 axes for short and VSV treatment with
the mandrel only was called 1 axis weatmen. With multiple cycles, the sequence:
of vacuum then steam was repeated multiple times. Process varisbles wers
mandrel design, carcass orientation within the chamber, source of chicken, full
VSV treatment (called 3 axes of rotation), or mandrel VSV treatment only
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{called 1 axis of rotation), steam temperature, steam time, initial, intermediate,
and final vacuum times, and number of cycles, Afier treatment, the ball valve
rotated 80 degrees to expose the sample to atmosphere. The sample was
aseptically removed manually after treatment.

Sample Preparation

Chicken carcasses used for pilot plant experiments were purchased at local
supermarkets. Chicken carcasses from the supermarkets had typical fotal aerchic
plate counts £ 3 log cfu/ml. The carcasses were inoculated with Lisreria
innocua or E. coli K-12. Listeria innocua was chosen as an inoculum because
it is nonpathogenic and has similar or higher thermal resistance compared to
Listeria monocytogenes (Ryser and Marth 1999, E. coli K-12 was chosen ss an
inoculum because it is nonpathogenic and naturally occurring E. coli would be
assaved in the field studies.

The carcasses were inoculated by iramersion in a suspension of 10° cfu/mL
Listeria innocua or E. coli K-12 for 10 min. The carcasses were allowsd to
drain in ambient conditions for 30 min before experimentation. Details for the
preparation and inoculation of the chicken carcasses are given in Kozempel er
al. {2001).

Carcasses uwsed for the field studies were not inoculated. They were
obtained affer the final wash before ¢hill at a local poultry processor and
immediately brought to the experimental site in an insulated container. The
carcasses were processed with no preparstion or treatment. Forty-eight carcasses
were sampled over a two day period. Three carcasses each for twelve treatments
and 12 plant rum controls were microbiologically analyzed for total aerobes,
coliforms, generic E. cofi, and Campylobacier, After treatment carcasses were
placed into individual bags containing 100 mi of sterile water (pH 7.6) and
subjected to the low volume whole carcass rinse (Cox ef al. 1978) using an
automated shaker sampler (Dickens and Cox 1985). The carcasses were removed
from the shaker and allowed to drip for 30 s before the diluent was decanted
into sterile specimen cups for transport to the micro lab for preparation of
dilutions and plating procedures.

Microbiology Testing

‘Samples were generated using the whole bird rinse procedure. In pilor plant
samples treated carcasses were placed 1o sterile plastic bags with 400 mL of
Butterfield buffer solution (Difco Laboratories, Detroit, M1} and manually rinsed
for 60 5 (80 shakes). The rinses for L. innocua were appropriately diluted with
sterile 1% peptone water and plated omio Tryptose Agar (Difeo Laboratories)
using & Spiral plater (Spiral Biotech, Bethesda, MD). The plates were incubated
at 37C for one day. Colonies were counted and expressed as cfu/mL (colony
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forming units/mL}. Aliquots for E. coli K«12 were plated on irvptose agar plates
using a spiral plater (Spiral Biotech,; Cincinnati, OH) in duplicate and incubated
overnight at 28C. Details of the microbiology assay procedures used for pilot
plant samples are given in Kozempel & al. {2001

In field trials, serial dilutions of the rinse diluent were prepared in peptone
water. Total aerobic bacierial populations were enumerated on plate count agar
(Difco, Detroit, MI). One tenth of 2 mL from a serial dilution of the rinse
diluent was plated in duplicate on the surface of the agar, spread with a sterile
bent glass rod, and incubated at 35C for 48 h prior to counting the colony
forming units, Campylobacter were enumerated by plating in duplicate onto the
surface of blood agar (Difco, Blaser). One tenth of a mL of a serial dilution of
the rinse diluent was spread on the surface of each plate with a sterile bent glass
rod, plates were then incubated at 42C for 36 to 48 h in a microaerophilic
environment (5% Oy, 10% CO,, and balance Ny}, Following incubation colony
forming units characteristic of Campylobacter were counted. All colonies
counted as Campylobacier from each sample were confirmed as a member of the
genus by examination of cellular morphology and motility on wet mount under
phase contrast microscopy. Hach colony type was further characterized as a
member of the species jejuni, coli, or lari by a positive reaction on latex
agglutination test kit (Integrated Diagnostics Toc., Baltimore, MD). Coliform and
generic E. cofi counts were made by plating 1 mL of the serial difution from the
rinse diluent onto duplicate E. coli petrifile™ plates {(3M Health Care, St. Paul,
MN). Petrifilm™ plates were incubated at 35C for 48 h and colony types
characteristic of coliform and E. cofi were counted.

Experimental Designs

Experimental designs, 2%, 2° and 2* factorial, {(Davies ¢ al. 1960) were
used. Treatment samples generally consisted of three replicates, The data from
the factorial designs were analyzed by analysis of variance using the replicate
within treatment a3 error ferms. When P < 0.05 the result was called
statistically sigaificant, at P< 0.01 the result was called highly statistically
significant, Because of the potential for wide variation in results using a very
inhomogeneous material like chicken carcasses, we included results at P< 0.10
and referred to them as possibly significant (Davies er ai. 1961). Control
samples of inoculated chicken carcasses were taken to provide an independent
estirnate of the extent of bacteria kill in the pilot plant research. Control samples
of chicken carcasses using the native flora were taken to provide an independent
estimate of the extent of bacteria kill in the feld studies. A null hypothesis
(Volk 1958) was made on the difference between means (H,; mean, = mean,)
to compare the mean bacteria counts at various process conditions.
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RESULTS AND DISCUSSION

Pilot Plant -

[nitial attempis using 1 cycle to process broilers resulted in extensive
mechanical damage to the carcasses. The carcasses were ripped up the side and
many actually fell off the mandrel for lack of sufficient integritv, These initial
mandrels were nothing more than a perforated pipe of varions lengths and
diameters.

The side of the carcass is quite thin and easily ripped. The mandrels were
changed to incorporate support for the cavity. Heavy gauge screening was added
to support the carcass on the inside from the neck down. This eliminated the
mechanical damage but resulted in less than 1 log kill of inocwlated L. innocua.
After trying 10 mandrel designs twe were chosen for the field studies, mandrels
designated 1lla and IVb. Mandrel {Ifa was an open design with 3 curved rods
approximating the shape of the cavity. The rods extended from the neck to a
tray about half way down the carcass, Mandrel IVh was similar except there was
no tray at the base. With these changes, there was still some unaeceptable
mechanical damage usually resulting in 3 small tear in the side. The mechanical
damage was less frequent and less severe using mandrels Ila and 1Vb than using
the previous mandrels.

Table 1 summarizes the microbiclogy results for this basic design for the
mandrel nging full V8V ireatment, 3 axes, (surface VSV treatment plus the
mandrel VSV treatment). There was some tearing in 75% of the samples. The
mechanical damage is unacceptable. There was no statistically significant
difference in bacteria kill between 2 and 3 cycles or between any of the
mandrels. Therefore, the data were pooled. The mean kill for inoculated L.
innocua was 1.13 log cfu/ml (8.D. = 0.3488, n = 58).

The V5V process was rin using ondy the mandrel, 1 axis, and not the two
side platier valves, The mechanical damage was almost eliminated. Table 2
presents these results using only the mandrel, 1 axis, with no surface treatment
from the other 2 axes. There was a statistically significant difference between
the mandrels and between 2 and 3 cycles. The occurrence of mechanical damage
was 12% and relatively mild, The mean bacteria kill for inoculated L. innocua
using only the mandrel VSV treatment (1 axis, no surface treatment) was (.87
log cfu/mL (S.D. = 0.2078, n = 17), Table 2. The mean kill for inoculated L.
imnocua vsing full VSV treatment, 3 axes, was 1.13 fog cf/ml, (8.D, =
0.3488, n = 38), Table 1. Full VSV treatment (3 axes), 1.13 log kill, was
highly statistically significantly better, P = (3,01, than mandrel V8V treatment
atone {1 axis), (.87 log kill.
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TABLE 1.
PILOT PLANT-I MICROBIGLOGICAL RESULTS USING VARIOUS MANDRELS

i inneocua, log clu/mi

Handrel # Cyeles Control Mean s}

[ 2 607 508 101
i 3 a0y 515 088
ia 3 553 487 1.06
i 2 592 461 1.5
{lla p3 &.10 478 {.32
iz 3 6.10 494 ilo
Iy 2 107 C4TS 131
v 3 6.10 511 .99
{ila p 619 . 547 L2
IHa 2 B3 450 1.21
v 2 a1l 487 124
Ve o3 G SO0 1B 1
Ve 2 4.l 457 [ 1Y

Mean kil = 1.13 log cf/ml

85D = 0.3488

N o= 58

TABLE 2.

FILOT PLANT-I MICROBIOLOGICAL RESULTS USING THE MANDREL ONLY

L innocua, log efe/mi

Mandrel # Cycles Confrel  Moan Kl

Hia 2 .18 334 .85
Iia 3 g.1g 520 (.94
v 2 619 521 .98
v 3 5.19 - COAsY Q.82
1ia 2 6.t 5.33 0,78

Mean kill = {87 log cfu/mbL

5D = 02078

N o= 17

Two 2% factorial experimental designs were made using these 2 mandrels.
These were the last 2 experiments before a scheduled field test using freshly
killed chickens. L. innocua would not be determined in field tests. Field tests
would determine E. coli, Campylobacter, coliforms, and APC. Therefore, for
these 2 Pilot Plant experiménts, the chicken carcasses were inoculated with
nonpathogenic E. eoli B-12. A total of four variables were studied, full VSV
ireatment (3 axes) orpartial VSV treatment (1 axis), cycles, sicam time, and the
2 different mandrels. The two 2° factorial experimental designs were combined
into one 2* design shown in Table 3. The initial bacteria counts for the two
experiments before treatment, based on the control samples, were vintually
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TABLE 3.
#' EXPERIMENTAL DESIGN AND ANALYSIS OF VARIANCE FOR BACTERIAL
KILL OF E. COLI-PILOT PLANT - I

Factor Levels

Experimental Factors — *
A F M
B 2 3
C 005 (ALY
D Ivb ] : Hia

A =Treatment, foll (F) or mandrel only (M)
B =#ofcycles

C = gleam tme, s

13 = Mandrel, IV, IHa

Initial and fotecmediale vacoum times = 0.1 g
Final vacsum time = 0.5 5

£ coli
Experimental factors Mean, Mean kili,  Mean Square ¥ value
and interaclions Lag cfa/ml Loz cfu/mi

A 4.3 §.25 3.1610 4.35%
B 4.15 141 (.1496 1958*
AR 4,28 1.30 0.0036 015
[ 4,19 1.37 0.0310 0.82
AL 433 1.23 4.0061 016
BC 4.12 1.44 0.1452 383
ABC 4.30 128 - 0.0001 Q004
iy : 432 .44 00280 . 074 .
AD ‘ 4.57 126 00016 1.4
D 476 1.40 0.0331 087
ARD 4.4 L9 00001 0.0002
D : 4.63 183 - . {0408 . 108
AL : 4.64 102 . . 00383 395
BCD 422 1.44 0.1704 450%
ABCD- 4,26 140 0.0004 [HE
Error : 0.0379

Treatment samples consisted of three replicates.

Significant differences represented by; * P < 0.0%, *P < 0,19

Control (11 replicates) = 5.61 Log cfurml (8.1, = 0.1152) ) ]

Mean Square is the measure of variahility anributed o the experimental factor or interaciion.

identical (5.56 and 5.66 log cfu/ml). The pooled mean for the controls was
5.61 log efu/mbl (8.D. = 0.1152, n = 11). The bacteria count data could
probably be used for analysis of variasce but we chose io use kill data io
remove any bias due to any difference in the initial bacteria counts. There was
no statistically significant difference between steam times or between mandrels,
There was a statistically significant difference (P = 0.035) between full VAV
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treatrnent {3 axes) and partial VSV treatment (1 axds). There was 2 possible
statistically significant difference {P = 6.10) bevween 2 of 3 cycles. The mean
ki ac full reatment and 2 cyeles was 1.36 log cfu/mi. The mean kill using 3
cycles was also 1,36 log cfu/ml., Incidence of tearing was 10%, stiil unaccept-
able but muech mproved,

A Null Hypothesis was made w compare the kill using the VEY process for
B, eoli versus L. innocwa, Using the full VSY treatmment, 3 axes, the mean kill
was 1.36 log cfu/mb for B, coli and 1.13 log cfu/mL for L. nnocue. The kill
tor E. coli was statistically significantly greater (P = 0.0002). Using just the
mandrel, 1 axis, the kill for I coli (1.24 log cfo/mLl) was statistically
significanily (7 < 0.0001) greater than for L. innocua (0.87 log efw/mL). In
both cases the kill was statistically significantly better for E. coll.

field Tests

Although the mechanical darnage probiem was not solved ot thet time, the
field tests were conducted as scheduled 1o determine microbiological kill: The
Y8V unit was installed on a fat bed truck and driven o the Richard Russell
Research Center (RRRC) in Athens, GA. Freshly staughtered and processed
chickens were pulled before the chill tank and immediately transporied unchilled
to the RRRC,

AP factorial experimental design was made using steam time, cycles and
full VSV treatment (3 axes) or partial VSY treatment (1 axis) as the independent
variables. The regponses were bacteria connts of B colf, Campviobacrer,
coliforms, and total aerobic plate count {APL). The vesults are shown in Tables
4, 5 6, and 7.

Table 4 presents the Analysis of Variance using £. colf count data, The
anly statistically significant independent variable (F = 0.05) was C, I VBY
treatment {3 axes) or parttal VSV weatment (1 axis). The mean kill was used to
compare the results to the pilot plant results, The mean kill at the high level of
C, [l VOV treatmment (3 axes), was 1.30 log efw/ml, (8.0, = 0.7251, 0 = 12}
A Null Hypothesis revealed no statistically significant difference from the pllot
plant results, 1.36 log cofu/ml.

The resulss using the mandeel VSV treatment only, 1 axis, were not 38 pood
as the pilot plant results. The kill was 0.84 log cfu/ml (8.1 = 0.6635, p =
123, A Mull Hypothesis confirmned this was statistically sigaificantly (P = 0.001)
different from the pilor plant kill of 1.24 log cfu/mi.

Table § presents the Avalysis of Verianes for the Compylobacter count
data, The only statistically significant tedependent variable {8 < 0.01ywas C,
foll V5V treatment (3 axes) or partial VSV wreatment (1 axis). The mean kill for
the high level of C, fuli V3Y ireatment (3 ares), was 123 log cfw/ml, (8:D. =
0.3312, n = 12) which corresponds to a mean count of 1.43 fog efufmil. There
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was no statistically significant difference hetween the £, coli kill and Campy-
lobacrer Il {Null Hypothésis, P = (.2463). These microbiclogy results
confirmed our pilot plant research using nonpathopenic inoculated Listeria
innocug and E. coli K-12.

TABLE 4.
2 EYPERIMENTAL DESIGN AND AMALYSIS OF VARIANCE FOR NATURALLY
OCCURRING & COL] - FIELD TEST # 1

Experimental Factors Factor Levels
o +
A 0058 010
IH] 2 2
¢ ) A F
A = stewm Hime, s
B = # of cycles
C = Treatmont, full (F) or mandrel only (M)
{nital and intermediate vaouum ey = 0.1 8
Final vacoum time = 0.3 5
Experimenial ‘ & coli
Factors and Moan, Menn Eil, Fiean square ¥ vabue
Interaciions Log cfuml Log cfwmi
A 774 a1z 01247 044
B 242 .44 03528 125
AR 1.33 151 L1053 392
L 1.20 165 12560 4 45%
Al 117 169 0.0459 .16
BC 168 147 15860 531
ABD 2,18 0.68 28910 FEEh R
Error ) 02812 -

Treatment samples consisted of six replicates
Significant differences represented by, ¥ P < 005, ™ P & .01

9]
g
=1
2,
oy
[=2)
7
=3
=
=
]
b
&
=)
T
on
E‘ﬁ-ﬁ
g
]
?;
o
w
o}
@
&
&
o

Mean Square i the measure of variebility atmibued to the experimental fagtor or interaction

Table 6 gives the results for coliforms. The mean of the control samples
was 2.99 log. The mean of the treated samples was 2,10 log and the kilt was 0.9
tog. This was a statistivally significant (F £ 0.05) kill. No single independent
variable was statistically significant.

Table 7 gives the results for APC. No variable was statistically significant.
The mean of the control samples was 3.36 log. The mean of the treated samples
was 2.69 log. The kill was 0.7 log. This was a statistically significant ( =
0.05) kill. The aerobes were unidentified. They could be thermally sensitive or
resistant.
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TABLE §.
2® EXPERIMENTAL DESIGN AND ANALYSIS OF VARIANCE FOR NATURALLY
OCCURRING CAMPYLOBACTER - FIELD TEST # 1

Experimenisl Factors Faclor Levels
o "!N ________
A 285 310
B 2 3
C i F
A = sleam time, s
B =# of cycles
{1 = Treatment, full {F) or mandre] only (M)
Initial and infermediate vacuum tmes =01 s
Final vacoum time = 0.5
Experimental Crmpylehacier
Factors and Mean, Mean Kill, Mean square  F value
Intevactions Log efufmi Log cfufmi
A pALH .65 00088 006
B 1.69 {197 0.0400 .26
AR 247 049 00744 4.80%
C 170 .58 15500 10,13%¥
AC 130 136 0 6468 4732
B 1.53 143 0160 3,10,
ABC 120 : 1.46 007368 0.24
Frror 0.1531

Treatment samples consisted of slx replicarss

Significant differences represented by; * F < 0.05, " F 5 001

Control {6 replicates) = 2.66 Log cfwml (8.1, = §.5001) .
Mean Sguare is the measure of variability attributed to the experimental factor or ineraction

As expected from the pilot plant research, there was mechanical damage.
The carcasses used in this field test were much smaller breasied than the ones
used in the pilot plant studies. The mechanical damage was greater than
expected because of the difference in the carcass dimensions, Mandeel IVb i5
very open and permits the carcass to hang low in the chamber. Large breasted
carcasses, used in the pilot plant study had much less damage than the small
hreasted chickens that sat lower in the chamber. When the main valve closed,
one of the legs invariably got stuck in the valve, breaking the end of the leg at
the hock. This caused two problems, a vacunm and steam leak and mechanical
damage. When the lep got caught, it pulled away from the carcass side and
ripped the side open. The same thing happened in the pilof plant with earlier
mandrels. _

The exposed meat surface exhibited some minor thermal damage. A thin
white film formed on the exposed surface. Some of the film can be wiped off.
Much of the thermal damage dissipates over time and during cooling. The
unexposed meat on the same sample was virtually unaffected.
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TABLE. 6,
2° EXPERIMENTAL DESIGN AND ANALYSIS OF VARIANCE FOR NATURALLY
OCCURKING CQLIFORM ~ FIELD TEST # 1

HExperimenial Factors . Factor Levels
— +
A 03 (.10
B 2 3
C h ) ¥
A = sleam time, s
B=#ofoycles
¢ = Freaiment, full {(F) or mandrel ouly (M)
Initial and intermediate vacuom mes = 0.1 5
Final vecuum time = 0.5 ¢
Experimental Factors Coliform N
and Inferactions Mean, Mean Rill,  Mean sguars F value
Lopoiuiml.  Lopefumt
A 153 (144 Q0704 015
[ 252 047 03601 (.78
AB 161 1.38 Q817 0.61
< 193 104 0.0020 0.0D4
AL 172 1.37 40913 G20
80 203 (.96 0.5163 1.11
ABC 292 0.27 27348 5 R0e
Error 14641

Treaupent samples consisted of six replicates

Sigraficant differences represented by; * F < 0.03, ¥ F s 003

Control (6 replicates) = 2.99 Log cfwml (3.1, = 0.707F

Mean Square is the measure of variability atributed to the experimental factor or ineraction

There was one unexpected result. Hard scald chickens were used during the
field test in Athens. Hard scald is done at 58C and removes the epidermal layer.
During pilot plant studies only soft scald chickens (52C) were used. When
processed, the skin on the soft scald carcasses retained or increased the yellow
color. When the hard scald carcasses were processed, the skin suffered some
thermal damage, exhibiting a pale vellow color. This could be a problem in a
consumer roarket that uses the hard scald chicken.

There is a difference of opinion among the authors on the effect of the VSV
process on hard scald carcasses. One author is of the opinion that the yellowing
of the skin would preclude sale in the fresh chicken market. Others knowledge-
able in the poultry industry think the thermal damage is oo slight 1o be
important; that in fact, the slight change may be an asset indicating to the
consumer that the chicken has been nonchernically treated for safety. The skin
on soft scald carcasses appears to be unchanged except for a litle shrinkage.
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TARLE 7.
2 EXPERIMENTAL DESIGN AND ANALYSIS OF VARIANCE FOR NATURALLY
OCCURRING TOTAL ABROBIC PLATE COUNT (APC) - FIELD TEST # 1

Experimental Pactors Factor Levels
— +
A 003 0.0
B 2 :
C M ¥

A = steam tme, 5

B=#of cycles

C ="Trearment, full {F} or mandrel only (M)
fuitial wndd intermediale vacuum tUmes = 0.1 5
Final vacvum dme = 0.5

Experimental Factors APC
and Inferactions Mean, Blean Kill,  Mean square F vatue
Log cfu/mi Log clu/al-

A 2.7t 0.65 0.045% i
B 278 2635 0.4510 109
AR 196 1.40 0.0260 906
< 3.63 333 08251 200
AL 2.93 .43 03927 093
BC 2.56 280 00315 0408
ARC 3.00 {136 8.6970 169
Error 04130

Treatment samples consisted of siy replivaies
Control (6 replicates) = 3.36 Log cfw/ml (8.0, = 0.5250)
wean Square ks the measure of vasiability stirlbuted to the experimental factor or interaction

Much of the chicken sold is as breaded chicken parts, whether sold directly
to the consumer or through restaurants or fast food establishments. Whether the
VSV process will imterfere with proper batter sticking is an unanswersd
question. We thiok the experts oo poultry — the poultry industry itself; best
address this and other organoleptic and quality issues.

A second field rest was made using a 2° factorial experimental design with
steam time and number of cycles as the independent variables. The second feld
test used full VSV treatment, 3 axes. These carcasses had much lower bacteria
counts, Campylobacter was 0o low fo do an Analysis of Variance. Four of 6
comtrols tested positive for Campylobacter (1.0, 1.3, 1.6, 1.9 log cf/mL) but
ounly 1 of 12 treated samples tested positive (1.0 log cfwmL). Table § presents
the Analysis of Variance for £, coli. No variable was statistically significant,
The mean coumt of treated carcasses was less than 1 logofu/mL (059 log, S.D.
= {,5125). The mean kil was 1.0 log chu/ml..
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TABLE §.
2* EXPERIMENTAL DESIGN AND ANALYSIS OF VARIANCE FOR NATURALLY
QCCURRING E. COLf - FIELD TEST # 2

Experimental Faciors ___ Factor Levels
J— 4
A 008 G.1g
B _ 2 3

A= steam time, s

B = #of cycles

Treatment, fall (7

Initial and intermediate vacuum times = 0.1 s
Final vacosm ime = 0.5 3

Experimental Factors £ coli
and Interactions Wican, Mean Kill, Mean square ¥ value
Logefufinl  Log chu/mi
A 0.9% 0.56 $.0494 0.18
i .47 1.08 0.4602 1.72
AB 0.32 123 02380 0.89
Error 0.2678

Treatment samples consisted of six replicates
Conteol (6 replicates) = 1.55 Log cfu/ml (8.0 = 0.1178)
Mean Square is the measwre of variability attributed to the experimental factor or nteract

Table 9 presents the Analysis of Variance for coliform. No variable was
statistically significant. The mean count of treated carcasses was (.67 log
cfu/ml. (8.D. = 0.5397), The mean kill was 1.1 log cfi/mL. Table 10 presents
the Analysis of Variance for APC. Analysis of variance indicated number of
cycles was possibly statistical significant (P = 0.10). The mean count of treated
carcasses was 2.56 log cfu/mL (8.D. = 0.5920). The mean kill was 0.8 log
cfie/mi.

Mandrel [lfa was used in these tests because it was designed with more
support for the internal cavity of the carcass, but was too big for the carcasses
used in this test. It was a modification of an earlier mandrel. It works fine with
large breasted birds with large visceral cavities., But, if is very difficult to put
the carcass on the mandrel if the cavity is small. For this mandrel the cavity
must be larger than 7.5 cm. In the second field test the cavities were 00 srmall
for the mandrel. The carcasses did not fit. They bad to be forced on and many
ripped.
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TABLE 9.
2" EXPERIMENTAL DESIGN AND ANALYSIS OF VARIANCE FOR NATURALLY
OCCURRING COLIFORM - FIELD TEST # 2

Experimental Factors Factor Levels
o i +
A 003 L10
B 2 3
A = sieam time, §
B =#ofcvcles
Treatment, full {F)
initial and intermediate vacunm timss = 0.1 5
Final vacium time = 0.5 ¢
Experimental Factors Capliform
and Interactions Mean, Mean Kitl, Mean square ¥ value
7 Log cfu/ml Log cfu/m]
A 1o1 0.71 0.0404 016
B .48 124 (.4840 157
AB 635 137 82107 069
. Eror 03075

Treamment samples consisted of six replicates

Significant differences represented by, * P = 0.10, ** B < 0.01

Conirol (6 replicates) = 1.72 Log cfumL 8.1, = 01624y

Mean Square is the measure of variability artributed o the experimental factor or interaction

TABLE 10.
2’ EXPERIMENTAL DESIGN AND ANALYSIS OF VARIANCE FOR NATURALLY
OCCURRING TOTAL AEROBIC PLATE COUNT (APC) - FIELD TEST # 2

' Experimental Factors Factor Levels
A 0.05 G.10
B 2 3

A = steam Hme, §
B=#of oycles
Treatment, full (F)
initial and intermediate vacusm times = 0.1 ¢
Final vacvurm lime =05 s

Experimenial Factors APC
and Interactions Mean, Mean K, Mean ¥ value
Logofwmd  Log cfwiml square
A 3 Q.20 0.0140 4.06
B 248 0.50 L1970 494"
AR 204 1.31 8.7057 2.91
Errot

Treament samples consisted of six replicates
Conirol (6 replicates) = 3.35 Log cfu/mL (8.D. = 0.3933)
Mean Square is the meastre of variability anributed w the experimental factor or intevaction
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Pilot Plant - I1

Since the field studies duplicated or exceeded the microbiological kill found
in the pilot plant, the objective of the follow-up pilot plant studies was to
climinate the mechanical damage experienced in the field while mainiaining the
microbiological kill. The leg breakage was simple to eliminate. The previous
prototype processor had a screen in the bottom fo hold the chicken. Once the
mandrel was used to support the carcass, it was considered superfluous.
However, in retrospect, it kept the legs from extending beyond the chamber,
therefore a screen was added to the bottom of mandrel IV to suppori the legs.
Leg breakage was no longer a problem.

A consequence of adding the screen was that some carcasses, especially

ones with fong necks, sat too high in the chamber. When the vaive closed the
combination of rubbing of the inside of the valve and the steam pressure within
the cavity caused some skin ripping and splitting of the neck area. Lowering the
neck support position on the mandrel corrected the neck abrasion problem.
Depending on the size of the cavity, the steam still caused some damage because
there was too much steam applied to the cavity. The inside diameter of the
mandrel pipe was 21 mm, A comstrictor sleeve was added to the mandrel pipe,
where the steam exited into the carcass cavity, that reduced (he inside diameter
to 12 mm. This solved the damage problem due 10 excess steam in the neck
ares.
Ten 2’ factorial experimental designs were made during the mechanjcal
damage study evaluating the effect of such factors as carcass orientation, carcass
height, and mandrel pipe diameter on the mechanical damage. These experi-
ments used full VSV treatment (3 axes). The effect of these 3 factors nlus
independent variables cycles (2 or 3), steam temperature (127 or 1380, and
source or brand of chicken on microbiological kill of inoculated E. coli was
evaluated. The mechanical modifications had no statistically significant effect on
the microbiological kill, There was no statistically significant difference between
steam temperatures, _

Table 11 summarizes the results of these experiments categorized by source
and number of cycles. The overall mean kill was 1.2 log cfu/ml., 3D =
0.3112, n = 216). Statistically three cycles were significantly better than 2
cycles. There were statistically significant differences associated with chicken
source. Source A at 3 cycles was statistically significantly different (P < 0.000
than the other combinations of source of chicken and number of cycles and
significantly better (P < 0.001) than the same source at 2 cycles. The mean kill
for source A at 3 cycles was 1.49 log cfu/mL, 8D = 0.2137, n = 36 and at 2
cycles the log kill was 1.24, SD = 0.7664, n = 36. There was a statistically
significant difference between sources B and C at 3 cycles and between B and
C at 2 cycles. The kill for source B at 3 cycles was 1.24 (SD = 0.2505, p =
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36) and for source C was 1.08 (8D = 0.2912, n = 36). The kill for source B
at 2 cycles was 1.14 (SD = 0.2289, n = 36) and for source C was 0.97 {(SD
= {3,3346, n = 36).

TABLE 11,
BACTERIA KILL OF INOCULATED £ COLF K-12 - PILOT PLANTH

E. eoli K12, log cfufml (8D

Zeyoles 3 eycles
B Source A 1.34 {0.2664) 145 (02137
Source B L34 {02289 [.24 {0.258%)
Source © D97 (03347 : 108 @ann

We have no definitive explanation for the differerice in effectivensss of
treatment of carcasses from different sources. Source A was hard scald,
orgauically raised chickens. They were somewhat smaller carcasses than the
other two sources, averaging 1400 - 1800 g. The giblets were packed in paper
in the cavity. These carcasses were bulk shipped packed in ice.

Source B and C were soft scald, conventionally raised carcasses that
averaged 1600 - 2000 g. The carcasses were individually packed in plastic film.
The giblets were packed loose inside the cavity of source C and packed in
plastic in the cavity in source B carcasses. The giblets were removed from all
carcasses before processing. Commercially, the VSV process would be used
betore the giblets would be inserted.

There are certainly numerous other differences among the sources that are
unknown to the anthors and which may be the causative factor or factoss for the
difference in effectiveness of treatment. 1 could he the genetics of the flocks
used or as simple as fecd ingredients. It is probably a combination of faciors.

The chicken cavity is an impediment fo treatment, Specific mandrels can be
designed 10 treat each size and type of carcass or a malleable mandrel could be
developed that would fit all carcasses within reasonable tolerances. Althiough we
have been successful in treating whole chicken carcasses, chicken parts are much
simpler to process and usually give somewhat better bacteria kill.

Chicken quarters (Jeg plus thigh) were processed to determine the kill
possible on chicken parts that include no cavity. The quarters had no cavity and
therefore required no mandrel to process. Sources B and € were used. The kill
of noculated E. coli K-12 on the quarters was 1.73 tog cf/ml., SD = 0.1121,
n = 5 which was statistically sigrificantly better than for the sources B and C
whole carcasses using 3 cycles (1,24 and 1.08 log kill, respectively).

The essential elements of the process are rapid application of vacuum and
steam. The VSV processor used in these studies is a prototype. Although the
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carcasses were freated inabout 1 s depending on the number of cycles, this does
not inchude the time 1o feed and withdraw the product, The exact design and
fabrication of a commercial unit will be the province of mdustry, although we
anficipate cooperating in the effort.

The design of the unit might depend on the location in the process. Initially,
we thought the VSV unit would be installed after the chill tank. In this location,
the process could be integrated into the packaging step. There is sufficient time
on a packaging conveyor to treat the carcass before sealing.

Industry has indicated that it might be preferable to install the VSV unit
before the chill tank. In this case, a commercial unit would probably consist of
multiple chambers or multiple units instead of a single chamber to eliminate the
time required for feeding and gjecting & carcass. Feed would be automatic, not
manual 28 in these studies. A conveyor would be integrated into the unit w0
synchronize feeding the carcass with the opening of the main chamber valve.
The exiting carcass would simply drop into the chill tank.

Of course, these processing steps could add some time to the overall
process; but, as long as the time to treat is at the same or faster rate as the rest
of the process, the VSY process would not affect line speed,

CONCLUSIONS

The field VSV surface intervention process killed 1.4 logof E: coli and 1.2
log of Campylobacter on freshly processed chicken using 3 cycles and 138C
saturated steam. The same process in the pilot plant killed 1.1-1.5 log of
inoculated E. coli K-12 depending on the source of chicken. The total process
time was- 1.1 s

Originally, it was hoped to achieve a bacteria kill of 5 logs on chicken
carcasses 1o achieve pasteurization. I is apparent that there are inherent
difficulties associated with ponltry that linsit the bacteria kill in this prototype o
less than 2 logs even though much higher kills have been realized with the VSV
process on other products, for example 5 log kill on hot dogs (Kozempel o ai.
2000a). As the only hurdle in a poultry plant, it would not be sufficient.
However, in chicken processing plants, the bacteria are killed in a series of 0.5 -
1 log kilt steps ¢hurdles) such as in the scald tanks, vent operations, inside out
washers, chiorine spray cabinets, and the chloripated chill tanks (private
communications). No single step or hurdle does it all. Therefore, the VBY
process for chicken should be considered one component of 8 hurdie technology
and not as & stand-alone pasteurizer. As part of a hurdle technology, processes
that achieve a | - 1.5 log kill should be of interest,
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